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ELECTRICAL BREAKDOWN OF GaAs p-n JUNCTIONS (USSR) 


Nasledov, D, N., and B. V. Tsarenkov, Fizika tverdogo tela, v. 5, no. 4, 
Apr 1963, 1181-1188. S/181/63/005/004/038/047 


A stud of electrical discharge in GaAs junction diodes has been made with 
monocrystalline specimens of n-type gallium arsenide with 5 -107* to 1027 cm™ 
electron concentration and 3000 to 3500 cm*/v-sec electron mobility. The 
specimens were doped with Cd or Zn impurities. The thickness of the p- 
layer was 10-20 » after Cd diffusion and 20-100 # after Zn diffusion, The 
breakdown voltage was under 10 v at room temperature. Results show that 
the breakdown voltage and the critical field increase almost linearly with 
temperature in the range from 77 to 540°K, With constant temperature the 
breakdown voltage increases with increasing critical width of the volume 
charge layer during breakdown, while the critical field decreases, It is 
shown that the breakdown mechanism is impact ionization, {BB) 
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{ Research on semiconductors; new semiconductor materials] 

Issledovaniia po poluprovodnikam; novye poluprovodnikovye 

materialy. Kishinev, Kartia Moldoveniaske, 1964. 173 p. 
(MIRA 17:5) 
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SCCESSION WR: AP013737 ’ 8/0030/5i,/000/ocn /o100/a102 * 
- AUTHOR: Masledov, D. - ie _ (Professor) 
_ ‘TITLE: Inve tea ipniees of semiconducting compounds (Conference in Kishinev on 16-21 
Septeaber 19637" 


SOURCE: AN SSSR. Vestnik, no. 1, 196k, 100-102 


TOPIC TAGS: semiconductor, new compound, physicochemical property, crystal, energy 
spectrua, current carrier, semiconductor fila, electrical property, thermodynamic 
proparty, manetostriction, negative magnetostriction 


ABSTRACT: The conference was a joint effort of the Acadeny of Sciences SSSR, the 
Academy of Sciences Holdavian SSR, and the Kishinev University. Seventy reports 
were read, covering the following subjects: growing new compounds, 

properties, phenomena of migration in crystals, structure of energy spectra, 
mechanism of dissemination of current carriers, growing thin films, and the prope 
erties of these films. Guests attended the conference fron the U.S.A., England, 


East Germany, Weet Germany, Csechoslovakia, France, Hungary, Rumania, 
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' Poland, and China. Interest was especially strong in investigations of the elec- 
trical, thermodynamic, and other properties of compounds among elements of the © 
third and fifth groups; in discoveries of negative magnetostriction in indium 
arsenide and silicon carbide; in studies of the properties observed in mercury 


ee ZnS4P,, CdGeds,, ZnSads,, and other similar cosbinations. The 


! members of the conference evaluated the work of the past two years (since the 

| previous conference) and pointed out the direction future investigations should 

_ take. They emphasised that special attention should be given to studies of ideal 

' single crystals, to consideration of developing methods for doping these crystals 
‘(with various impurities, to the search for new compounds possessing properties 
valuable for practical application. These studies must include investigation of 
energy spectra, determination of impurity levels, behavior of current carriers, 

and related phenomena. It was suggested that future conferences will need to 
restrict their scope and should refrain from attempting to cover too broad a field. . 
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AUTHORS: Goryunova, N. A.; Kesamanly*, F. P.; Nasledov, D. N.; Rud', Yu. VY. 
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PITLE: Electrical properties of p-ZnSnis sub 2 crystals 
SOURCE: Fizika tverdogo tela, v. 6, now 1, 1964, 115-115 


TOPIC TAGS: p-ZnSnAs sub 2 crystal, electrical property, chalcopyrite structure, 
Hall constant, specific conductivity, vacancy 


ABSTRACT: ‘The present work is a continuation of two other works (N. A. Goryunova, 
S. Mamayev and V. D. Prochukhan. DAY SSSR, 142, 623, 1962) and (PF. M. Gashimzade. 
Izv. AE Azerb. SSR, ser. fiz. mat., 3, 67, 1963). It represents a study of electri- 
cal properties exhibited by ZnSnAs, single crystals. To resolve the contradictions 
pertaining to this substance, the authors carried out an x-ray analysis of crystals 
and pr their structure to be of chalcopyrite type with parameters: a = 5.8515 t 
0.0005 k, c = 11.703 + 0.001 {. Samples used in this work were parallelepipeds 

1.5 x 3.5 x 12 mm’ cut from single crystals. They were tested for specific conduc- 
tivity ¢ and for Hall constant R. Measuresents were taken in direct current in a 
constant magnetic field. The study brought out the fact that this material exhibits 
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‘{nelusion conductivity throughout the whole range of temperatures tested. Between 
1§0-200K there appears a pronounced maximum on the R - Temperature curve. The 
authors believe that this maximum can be explained with the help of a two-zone 
‘model. It is believed that quantitative determination of the valence zone structure 
in crystals of ZnSnis, will require a complex investigation of the kinetic effects 
‘in crystals with various concentrations of vacancies. This will call for a study 
of R and& at low temperatures (2-78K). The authors thank A. A. Vaypolin and T. S. 
Lagunova for their help in obtaining quantitative data, and F. M. Gashimzade and 

QO. V. Yemel'yanenko for their evaluation of the work. Orig. art. has: 2 graphs. 


" ASSOCIATION: Fiziko-tekhnicheskiy institut im. A. F. Ioffe AN SSSR, Leningrad 
abaya and Technical Institute, AN SSSR); Institut fisiki Al AserbSSR, Baku 
Institute of Physics, AN AserbSSR) 
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AUTHORS: -Xesazunly®, FP. P.; Kloty*n'sh, B. E.; cas Yu. V.; Nasledov, D. ¥.3 
Ukhanov, Yu. I. s Nesteder, Deed, | 


TITLE: Nernst-Ettingnausen and Fareday effects in indium phosphide 
S(N2CE: Fizika tverdogo tela, v. 6, no. 1, 1964, 134-140 


TOPIC TAGS: Nernst Ettinghausen effect, offective electron mass, indium phosphide, 
Hell constant, specific electrical conductivity, differentiel] thermal emf, optical 
absorption, polariztion, polerization rotation 


ARSTRACT: In osder to obtain supplement-ry information on the mechanis= of electron 
seattering snd the dapendence of the ev fuctive electron mass ‘on temperature, the 
cuthors investizsted, in large crystalline samples of indium phosrhide, the temperse 
ture dependence of the Hall constrnt, the specific electrical conductivity, the 
resistance chanzes in a magnetic field, the differential thernoelectromotive force, ‘ 
the transverse Nemnst-Ettinghausen. effect, the optical absorption, and tie rotatim of 
the polarization plane for infrared light in a magnetic field. The results are 
summarized in Figs. 1-6 o& the mole e3- The authors found that in sanples with 
8n slectron concentretion of 8.2 ane and @ depression of temperature below 200K 
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the Hall constant and the change in resistence in a magnetic field increase notice- 
“ably. 4t:low temperatures the scattering of electrans tekes plece by impurity ions. 
With increase in temperature, electron scattering by lettice vibrstions increases. 
The effective mass of the electrons at room tempereture is 0.066 + 0.003 times the 
mess of free electrons. Orig. art. bas: 6 figures and 1 formule. 
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AUTHORS: Ivanova, Yeo A3 Masledov, D. Ne3 Tsarenkov, B. V. | 

TITLE: Lifetine of current carriers in space charge layer of Gais-p-n-transitions 
SOURCE: Pisika tverdogo tela, v. 6, no. 3, 1964, 776-779 


diode, current density 


TRACT ctime of current carriers E 
[amie te eae determined from the straight portion of the it papers volt 
sagere characteristics, under conditions when the experimental eg re 
characteristics of a diode could be compared quantitatively with theory. af 
Noyce-Shockley (Proc. IRB, lS, 1228, 1957) equation for tie volt~eapere character | 
istics is used to predict the lifetiae 7, 1.¢e, -s 
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results | 

— the data from two vacuum diodes (Nos. 56 and 6h). The 
‘ ao kek pees not depend on the nonequilibrium carriers up te current ee 
Of 1 amp/om!, nor on tesperature in the interval 293 to SUK. I value ae 
estimated to ie between 10-9 and 10-9 sec, "The authors express thet eatitade 
to R. F. Kazerinov and V. I. Stafeyev for their help. Orig. art. 8 ) 
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_TITLSs The impurity band in crystals of n type InP 
SOURCE: Fisike tverdogo tela, v. 6, no. 3, 196h, 956-960 
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| TOPIC TAGS: crystal, Hall constent, electron concentration, semiconductor band | 
: gtructure : ' 
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| 
tion of investigation in support of previous work 
ABSTRACTS This 8 & cont eotyonteh, fu. V~ Mal'tcer, DM. Hasledov, and Ta. I. 
: Uchanov, FIT, 6, 13h, 1964), indicating that the increase in Hell constants 4B ne 
‘type InP with decrease in temperature below 200K is due to conduction #8 MS 
impurity band. One of the consequences of an impurity band in a cryst a 
: naximun on the curve showing temperature depemience of the Hall constant. 
| “Investigation in the region of 2-30 of n-type InP with electron conperiraltoa 
° 3 that the Hell constant increases as T declines : 
| of 8.201006 cnr? as shown Shs tbe Tar sidah it begine to decline Sill the 
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teaperature reaches 10K. Below this temperature the Hall constant is again 
_ independent of teaperature. That this maximum is due to coniution in the 
_ impurity band is indicated by the fact that the same maximum is observed at 
similar electron concentrations in n-type GaAs, for which this conduction in the 
: depurity band has been demonstrated. Comparisons with results on InAs, InSb, and | 
Ge also support this conclusion. "The authors thank 0. V. Yemal'yanenko for 
: valuable discussions of the results." Orig. art. has: 2 figures. 


! ASSOCIATION: Fisiko-tekhnicheskiy institut im. A. F. Ioffe AN SSSR, Leningrad 
(Physicotechnical Institate 44 SSSR); Institut fisiki AN AsSSR, Baka (Institute 
| of Physics AN AsSSR) \ 
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ACCESS ION NR: APLO3K946 $/0181/64/006/005/1550/1552 
AUTHORS: Mikhaylova, M. P.; Nasledov, D. N.3 Popov. Yu. G. 

TITLE: The photoelectric properties of n type Inds at low temperaturee 

SOURCE: Fizika tvwerdogo tela, v. 6, no. 5, 196, 1550-1552 


' TOPIC TAGS: photoelectric effect, indium arsenide, semiconductor, low temperature, 

i photomagnetic emf, photoconductivity, temperature dependence 

: ABSTRACT: This compound has been studied in detail previously at temperatures 

- between 80 and 300K, but the literature has no information on the properties at 
lower temperatures. The authors studied the photoelectric and photomagnetic 

. properties of single crystals of n-type Inds in the interval 7 to 8K. Investiga- . 
tions were made at various impurity concentrations. The electron mobility was ob- . 
served to fall slightly with decline in temperature from 80 to 7K, approximately 
according to the law T2, The authors measured the dependence of the photoconductiv- 
ity on electrical field strength, of the photomagnetic emf on magnetic field 
strength at various temperatures, and the dependence of both on intensity of 
irradiat:on. It was found that the photoconductivity depends linearly on the elec-' 

Aeigad, eld strength up to fields of about 0.2 v/cm. Saturation is reached at 
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higher field strengths. The photomagnetic emf and photoconductivity also exhibit 
linear dependence on intensity of irradiation at all temperatures between 7 and 80K. 
It was fourci that the photomagnetic emf increases sharply (exponentially) with 
decrease in temperature down to about 20K, after which saturation was observed to 
7K. %In the same range the photoconductivity increases with decline in temperature 
at a much slower rate. The marked increase in Photomagnetic emf may be due to 
‘increase in effective mobility of holes at low temperatures through participation 
of high-mobility holes, which have mobilities near those of electrons. Orig. art. 
jhas: 2 figures and 1 table. 
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i TITLE: “Dependence of the aan yield on “the photon energy for 
‘p-n junctions in InSb 


SOURCE: Fizika tverdogo tela, v. 6, no. 7, 1964, 2094-2099 


‘TOPIC TAGS: quantum yield, indium antimonate, pn junction, photon 
energy, conduction band 


ABSTRACT: In view of the fact that earlier investigations of the 
‘energy dependence of the quantum yield of ImSb (J. Tauc, J. Phys. 
Chem. Solids, v. 8, 219, 1959) were interpreted under the assumption 
that there are several conduction bands in InSb, the authors inves- 
‘tigated the quantum yield in the region of 1--6 microns near the tem 
‘perature of liquid nitrogen, with a resolution not exceeding 200 A. 
‘The measurements were made on electron-hole junctions at T = 100K. 
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The measurements have disclosed several sharply pronounced maxima. 

The use of an optical system with high resolution (not exceeding 

200 A) made_it possible to calibrate the radiation source energy 

with higher“accaracy (Ahv < 5%), so that several maxima previously 

not observed were seen on the quantum yield vs. energy curve. The 
quantum yield begins to increase for photons with energy 20.42 eV. 

The position of the maxima on the energy scale is very close to the 
values corresponding to the thresholds of impact ionization calcu- 
lated on the basis of the band structure proposed by BE. 0. Kane 
(J. Phys. Chem. Solids v. 1, 249, 1957) for InSb. The results thus : 
favor Kane's theory, and also offer evidence in the correctness of 
the impact ionization probabilities, calculated by A. R. Beattie on. 
the basis of Kane's theory (J. Phys. Chem. Solids, v. 24, 1049, 1962). 
A maximum on the quantum yield hv = 0.9 eV, and can be related to 
transitions from the zone that is split off as the result of spin- 
orbit: interaction. A sharp minimum was also observed at hv = 0.354 
eV, which goes over directly into a maximum at hv = 0.365. The reason 
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for these extremal points on the quantum yield curve is still unex- 
plained. Orig. art. has: 4 figures, 2 formulas, and 2 tables. 
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AUTHORS : Kesamanly*, P. P.3 Nasledov, D. Ney: Rud‘, Yu. Vv. 


| TITLE: Thermal emf and transverse Hernst-Ettingshausen effect in 
P-2nSnAs, crystals 


; SOURCE: Pizika tverdogo tela, v. 6, no. 7, 1964, 2187-2190 


| TOPIC TAGS: thermal emf, Nernst Ettingshausen effect, Hall constant, 
p band, transport property, conductivity 


ABSTRACT: In order to investigate transport effects in crystals with 
different carrier densities, the authors doped crystals with differ- 
‘ent impurities and, by using heat treatment in some cases, obtained 


AnSnAs, crystals with hole density from 1018 to 107° cm”. No n- 


type crystals were obtained as yet. Single-crystal specimens are 
‘transparent for wavelengths 1.5--3 «1, but no waves could be trans- 
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“mitted through polycrystalline specimens. The temperature dependenc- 
es of the specific conductivity o(T), the Haji constants R(T), and 
‘the transverse Nernst-Ettingshausen effect Q (T), and also the dif- 
ferential thermal emf a(T), were measured simultaneously in the 
_interval 90--750K using an instrument described elsewhere (FTT, v. 6, 
‘113, 1964). Tests have shown that the larger the density of the 
holes in the sample, the lower the Q1(T) curve and the later the 
mixed conductivity sets in. The maximum on the R(T) curve decreases 
in absolute magnitude wath increasing concentration, and the point 
- at which R reaches a maximum, together with the point of reversai 

of the sign of R, shifts towards higher temperatures. The width of 
the forbidden band was found to be 0.89 ev, in qualitatively good 
agreement with the data obtained from the edge of the intrinsic ab- 
‘sorption. The data measured in this experiment make it possible, in 
the case of a semiconductor with simple structure of allowed bands, 
to determine such parameters as the density and effective mass of 
the carriers, and also the scattering parameter. The effective mass 
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| of the holes determined in this experiment was on the average 0.13 


‘Moye where mM) ~~ mass of the free electron, Orig. art. has: 2 figures 


and 1 table. 
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ACCESSION NR: AP4024737 | ——_§/0109/64/009/003/05S6/05s7 _ 
AUTHOR: Galavanov, V. V.: Nasledov, D. N.i Reayev, M. A. 
: TITLE: Inductivity of InSb diodes 
“SOURCE: Radiotekhnika { elektronika, v. 9, mo. 3, 1964, 556-557 


' TOPIC TAGS: semiconductor, semiconductor diode, semiconductor diode 
_ inductivity, InSb diode, InSb diode inductivity 


ABSTRACT: An experimen: \l investigation of the capacitance of alloy p-n junc- 
tions in InSb as a function of the positive-bias current is reported. The capaci- 
tance was measured in a bridge circuit at 78K. A weak 250-kc signal was 
, applied. It was found that the diode capacitance growe with the forward current 
_ up to @ certain point; then, the capacitance drops off to sero, at which point the 
: diode exhibits inductive characteristics. The cause of the inductive reaction in 
the diodes tested has net been clarified as yet. Orig. art. has: 1 figure. 
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Detection of p—-n-junctions in gallium arsenide with tne 
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AUTHOR: Galavanov, V. V.: Ziyakhanov. U.; Masledov. D. N. 
Ra oO AOS 
‘TITLE: Current-voltage characteristics of p-n junctions with p-InSb base 


SOURCE: Radiotekhnika i elektronika, v. 9, no. 8, 1964, 1416-1419 


TOPIC TAGS: semiconductor, pn junction, InSb junction, current voltage 
_ characteristic 


ABSTRACT: Measurement of the current-voltage characteristics in the 78—150K 
temperature range is reported. Alloy p-n junctions were obtained from p-InSb 
crystals having an impurity concentration of (3-5) xi per cm*%, As addition 
materials, Sn, Sn*Bi, Int Bi, In+Te, and In+ Se were used; the p-n junction area 
was about 0.5 mm, The results obtained — the Pf coefficient in the forward- 
branch exponent, the pre-exponential factor Ip, the cutoff voltage U,, the residual 
resistance R,, and the pattern of the forward-current temperature dependence — 
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: are in good agreement with the Shockley theory of abrupt p-n junctions. At low 
temperatures, the reverse current grows almost linearly with the applied voltage; 
apparently, the current is determined by leakage. Orig. art. has: 6 figures, 
1 formula, and | table. 
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